
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



XibrariS 

Qt tbe 

Taniverdit!? of naieconein 






Digitized by 



Google 



h^'\/''X 







•d 
1 -H Id 








^8 and 

^ Wis- 

be used 

Biblio 

be cop 

credit 

rk. Bx 

le or i 

raduate 


• 






• 






• 0} 






• o 






:& 






;+> 






Master^ 
sity of 
are to 
thors . 
ges may 

proper 
shed wo 

in who 
f the 








* §)CD 






> 




••r* d 


b 




• 00 O 


€8 




•H 


U 




• Q> P 


•O 




the 
iver 
but 
e au 
assa 

and 
ubli 
esis 
an 


• CD C 






• O -H 


Hi 




• ^ P 




Ltted for 
in the Un 
pection, 
hts of th 
ed, but p 
authors , 
tten or p 
of the th 
of the De 
consln. 


CO 


•H 

m 

d 


CO 

CO 


• me 

* CO u 
' d 


o 

o 


<D 
5 


• O 0) 

• CO t^ 


Qd 


Eh 


• u o 






• fl)^ 


+> 


* Pi 08 




Pi 


3 ^ CO top 0) hh 00 

S -P -H <D 
"•Ht,<Da)<HI-P-PCD^ 


• 


V^ 


•H 


\ss 


O 


$4 




O 


•^ 4^ 


_& 


2 


• » 


-P 





theses 
id depos 
open fo 
d to th 
s may b 
ssion 
bsequen 
publica 
the con 
rsity 


• 0«H 


•rl 


c 


•fH O 


0) 


Cu 


' rH 


SU 


p| 


• O «) 


£ 




•<hl o 


> 




5? c 


•H 




P 0) (d 


5 




.ished 
ees an 
y are 

regar 
erence 
permi 
in su 
ng or 
also 
Unive 


^^•P 


& 




»+> Pi 






•H o 






2 >^o 






l-^s. 






i=>CQH|-Pc6-P qi^o 


-p-d 






^ © S-i 






« CO-H 






•H 3 © 






fiflS 










•• _«Ho-Ha>q>«) 


• 






u d »*H ^jat^ur^ 


«)4> 






o^ ja -HO 


.o cq 

m 
ttp 






•p m SPi>^4^ «-P o 






O diH tfr-i CD d ^.d 






oodud?ia>cdo 


2:j 

1 






Q o o to o a -P PiQQ 



? 



Digitized by 



Google 



Digitized by 



Google 1 



^^ 



Digitized by 



Google 



Digitized by 



Google 



OK THl SOLUBILITY OP 
THE CAICPHORATSS OF SOME 07 THE HEAVY METALS 

by 

CHAHLES VISFIELD BURCHABI) 



A Thesis Submitted for the Degree of 
MASTER 07 ARTS 



UMIVERSITY 07 WISCONSIN 
1911 



Digitized by 



Google 



Digitized by 



Google 



399232 MMtA 

OCT 14 1933 ^^^ 



Although many of the oamphorates have been prepared and 
known for a long time, very little in to be found in the 
literature in regard to their solubilities in other liquids 
than water, Kemper prepared lithium, ammonium, sodium, 
calcium, barium and zinc camphorates. The zinc salt he 
found to be insoluble, and the others to be soluble, in 
water. The lithium salt was also soluble in alcohol. Man- 
ning and Edwards prepared aluminum, strontium, nickel, man- 
ganese, mercuric and ferric oamphorates, of which only the 
oamphorate of manganese was soluble in cold, but not in hot 
water. The present work was taken up with the view of find- 
ing other solvents than water for the oamphorates of the heavy 
metals and to accurately determine the solubility of the cop- 
per salt in water. The oamphorates of copper, zinc, mangan- 
ese, lead and nickel were chosen for this experiment. The cam- 
phoric acid from which these salts were made was prepared 
according to Wreden (Ann. 163, 323), bj'' boiling 150 grams 
of camphor with two liters of nitric acid (sp.gr. 1.27) for 
72 hours on the water bath. The acid thus obtained was 
purified by neutralizing its aqueous solution with ammonia, 
reprecipitating with hydrochloric acid and finally by re- 
crystallizing from hcft water. The oamphorates of copper, 
lead, nickel and manganese were made by Manning' s method 
(Am.Ch.J, 10, 235), which was slightly modified in that 
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equivalent quantities of substancefl were UBed in all oases 
and that sodium hydroxide was substituted for potassium 
hydroxide • To a standard 10^ solution of sodium hydroxide 
was added the theoretical amount of camphoric acid required 
for neutralization. The solution of sodium camphorate 
thus obtained was divided into four parts which were treated 
respectively with the required amounts of lead acetate, 
manganous sulphate, copper sulphate and zinc sulphate for 
double deoongposltion. The nickel camphorate was made ac- 
cording to Edwards (Am, Ch. J. 10, S35) by treating pure 
nickel hydroxide with an excess of camphoric acid in a 
small amount of water heated on the water bath. 

On account of lack of time the solubility of copper 
camphorate in water only was accurately determined. Water 
was saturated at 15*0. with copper camphorate, two liters 
of the resulting solution evaporated to dryness in the 
presence of a little nitric acid, and the residue ignited 
and dissolved in a small amount of nitric acid. This nitric 
acid solution was diluted with water aijd the copper weighed 
as electrolytic copper. One part of copper camphorate 
was found to dissolve in 11,700 parts of water at 15*" C, 
In the remainder of the experiment one cubic centimeter 
of the solvent was used and estimated amounts of the salt 
were added by comparing with weighed samples. In table 
Mo. 1, I means insoluble; i.e. the smallest amount of the 
salt that could be conveniently added did not dissolve. 
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3 
If less than 1^ dissolved it is denoted by se. If a salt 
dlflRolves at all it is either sparingly soluble as denoted 
by 88 or it is freely soluble to at least 10^, which is 
indicated by S. d indicates that the salt was decomposed 
with an accompanying change of color or effervescence and 
that the decomposition products did not dissolve. Table 
No. 2, Which contains only the effective solvents of table 
No. 1, is added for convenience. 
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Table No.l. 



Solvents 



Hydrocarbons 
Amylene 
Benzene 
Oasollne 
Kerosene 
Ligroin 
Llmonene 
Mesltylene 
naphthalene 
Paraffine 
Pentane 
Turpentine 
Vaseline 



Copper Lead Zlno Mangan- Niclcel 
camphor- oanphor- cangphor- ese cam- camphor- 
ate ate ate phorate ate 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Haters 

Aoetoaoetlc ester I 

Amyl acetate I 

Amyl benzoate I 

Aayl butyrate I 

Amyl valerianate I 

Benzoylacetlo ester I 

Bornyl formate I 

Ethyl acetate I 

Kthyl benzoate I 

Lactic ester I 

Ualonic ester I 

Methyl acetate I 

Methyl salicylate I 

Phenyl acetate I 

Methyl cyanacetate I 

Ethyl cyanacetate I 
Ethyl ohlorcarbonatel 
Monochlor ethyl 

acetate I 



Substituted 

Hydrocarbons 
Amyl nitrate 
Amyl sulphate 
Benzo trichloride 
Brora benzene 
Bromoform 
Carbon di sulphide 
Carbontetrachloride 
Chloroform 
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^drooarbons 












Ethylene dlbromide 


I 










leobutyl nitrate 
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Uethyl sulphate 


I 










Methyl Iodide 


I 










Kitroe thane 


I 










Alcohols 












Allyl 


I 










Ethyl 


I 










Diohlor propyl 


I 










Glycerol 


I 










Isoainyl 


I 










Isobutyl 


I 










Methyl 


I 










Menthol 


I 










Propyl 


I 










Phenols 












Cresol 


I 










Ouaiacol 
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Resoroinol 
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Acids 












Acetic 
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Acrylic 
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Benzoic 
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Butyric 
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Camphoric 
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Propylic 
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88 
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8 


Stearic 
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Valeric 
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Valeric and water 
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Acid anhydrides 
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Copper 


Lead 


Zinc 
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Aldehydes 








Acetaldehyde 


88 
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Benzaldehyde 
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Benssoie aldehyde 
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Chloral 
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Formaldehyde 
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Oenanthol 
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Paraldehyde 
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Valeriana Idehyde 
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Ketones 












Acetone 
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Methyl ethyl ketone 
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Add Amides 












Aoetamide 
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88 


88 
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Amines 












Amylamlne 
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Benzylamlne 
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Dibenzylamine 
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Diphenyl amine 
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Dipropyl amine 
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Ethylene diamine 
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Toluldine 
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Tripropylamine 
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Triphenylamlne 
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Nitrlles 












Benzoyl cyanide 
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Lactic acid nitrile 
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Ethylene cyanide 




I 


I 


I 
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Uandelic nitrile 
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Methyl cyanide 
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Other Bases 












Pico line 
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Pyridine 
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Solvents 



Fixed Oils 
Cottonseed oil 
Linseed oil 
Olive oil 
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Sodium acetate I I 
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Ulscellaneous 

Acetyl chloride d 

Aldehyde cyanhydrln I 

Chloral hydrate I 

Benzoyl chloride d 

Ithyl ether I 

Ethyl sulphydrlde d 

Monochlorhydrln I 

Sugar I 

Thlophene I 

Benzene - ammonia I 

Ethyl acetate - » I 

Anallne - ammonia I 

Aqueous oxalic acid d 

" succinic " d 

Phenyl mustard oil I 

Inorganic 

Antimony trichloride I 

Aqueous ammonia s 

Ammonium sulphate s 

Phos. trichloride d 

* sulphochlorlde d 

Silicon tetrachlor. d 

Stannic chloride I 

Water I 

Hot water I 
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Table No»2. 



Copper Lead Zlno Mangaii- HioXel 
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Stearic acid 
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Valeric acid 
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Paraldehyde 
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Ethylene diamine 
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Sodium acetate 
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Potassium acetate 
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Ammonium acetate 
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Ammonium hydroxide 
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Ammonium sulphate 
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Water 
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In general, the oamphorates dealt with In this experi- 
ment are insoluble in the esters, hydrooarbons, ketones, 
aldehydes, alcohols, phenols, oils, nitriles and bases, 
and soluble in the acids. They are then characterized by 
a great insolubility. Excepting the acids, by far the 
greatest number of compounds which dissolve these camphorates 
contain an ammonium radical or an ammonia residue. The 
order of their solubilities is about the same, for if one 
salt is found to be soluble in a certain solvent the other 
four generally dissolve also, and to about the same extent. 
The following exceptions to the last statement, however, 
are to be noted. Manganese cainphorate alone is soluble 
in cold water and in monochloracetate. In acetamide the 
copper and zinc salts are insoluble. The lead salt alone 
fails to dissolve in araylamine. Valeric acid does not 
dissolve zinc and nickel camphorates, yet upon the addition 
of a little water these are readily dissolved. 

When a portion of copper caiaphorate, the size of a 
pin head, is added to ethylene diamine, the salt acquires 
a deep blue color and appears not to go into solution even 
on heating. If a larger quantity'', say 0.1 gram, of the 
salt is added a vigorous reaction takes place with a sizzling 
soijind. The solid becomes colored as before and a suffici- 
ent amount of it goes in solution to give the clear super- 
natant liquid a strong blue color. This new compound is 
soluble in water, imparting to the water in very dilute 
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solutions a violet color, in stronger solutions a deep blue 
color. Ethylene diamine is able to convert more than its 
volume of copper camphorate into the water soluble compound. 
It is apparently an addition product. No jPurther work was 
done on this reaction. Whether any of the other camphor- 
ates behave similarly was not so easily determined, excepting 
that manganese camphorate is soluble, so that has been de- 
ferred until more time is available. 

The great insolubility of these caraphorates can be said 
to be due neither to the caniphorate radical nor to the 
metallic radical, but rather to both; for some of the cam- 
phorates (e.g. those of sodium and potassium) are known to 
be soluble and, on the other hand, metallic soaps, such as 
lead and manganese oleates and stearates, and metallic 
resinates, such as lead and manganese resinates, are solu- 
ble in benzene. The solubility in the acids is probably 
due to a double decomposition, whereby the metallic radical 
is carried in in combination with the acid radical of the 
solvent and the camphorate ra^Ucal as camphoric acid: e.g., 
copper camphorate probably reacts with acetic aoid to form 
copper acetate and camphoric acid in solution. This is 
possible since both copper acetate and camphoric acid are 
soluble in acetic acid. That these cairgphorates are in- 
soluble in camphoric acid itself leads to the same conclu- 
sion, for the camphorates, if soluble as such in the acids, 
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would be apt to toe soluble In caniphorlc acid. A solution 
of copper camphorate in aqueous ammonia has the same deep 
blue color of the inorganic salts of copper in araraoniacal 
solution. Copper camphorate in amylaraine also produces a 
deep blue solution, while in other solvents the color is 
much less pronounced. Apparently then a conqplex copper 
ammonia compound, or rather copper amine compound, is formed. 
If a new compound is formed it is soluble in an excess of 
the solvent in contrast with the behavior of ethylene di- 
amine, in which the new compound was found to be only spar- 
ingly soluble in an excess of the solvent. The solution 
of copper camphorate in amylamine conducts no better than 
araylamine itself. 

If the above assumption in regard to the solution of 
copper camphorate is correct, it is to be expected that 
zinc and nickel camphorates should dissolve in araylamine, 
since these two metals form complex ammonia salts. The 
fact that manganese forms double ammonium salts in aqueous 
solutions does not explain the solution of manganese cam- 
phorate in amylaraine, since it is apparent that we do not 
have a parallel case. The claim of some chemists that they 
have obtained complex ammonia salts of manganese is sup- 
ported by the fact that manganese camphorate dissolves in 
araylamine and ethylene diamine as noted above. Similarly 
to manganese, magnesium forms double ammonium salts, hence 
we might expect magnesium camphorate to be soluble in 
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amsrlamine if the solution of the manganes© oamphorate is not 
due to the formation of the complex salt. Surely this can 
not be predicted with any degree of certainty'', for many of 
the above cases must be due to the specific properties of 
the salt and solvent and not to a general property of the 
salts or solutions. That the camphorates dissolved in 
fused ammonium salts is to be expected since these salts on 
fusion decompose into ammonia and an acid. 

A solution of copper oamphorate in benzoic anhydride, 
when heated nearly to its boiling point, changes its color 
from blue to yellowish brown. 
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